Background -Exercise has been proposed as a useful challenge test for the measurement of bronchial responsiveness in community surveys of the prevalence of childhood asthma. This study aimed to develop a standardised exercise challenge in which the sensitivity to detect asthma was increased by inhalation of dry air. Methods -Sixty four children aged 12-13 years who had reported wheeze in the past 12 months and 70 control subjects were invited to participate in an exercise challenge at school. Subjects performed eight minutes of cycle exercise while breathing dry air at a workload calculated to produce a minute ventilation of60% maximum voluntary ventilation during the final three minutes. A fail in forced expiratory volume in one second (FEVy) of 10% or more from baseline was considered a positive test. Data on recent asthma symptoms, asthma morbidity, and use ofmedication were collected by parent completed questionnaires in those subjects who reported wheeze in the past 12 months. Repeatability of the exercise test was determined in a further 13 children with known asthma. Results -Fifty five children (88%) who reported wheeze in the previous 12 months and 54 control subjects (77%) were studied. Nine subjects in whom baseline FEV1 was less than 75% predicted did not perform the exercise test. Technically unsatisfactory tests were obtained in five subjects. Twenty six (57%) subjects who reported wheeze and three controls (6%) had a positive exercise test, giving a sensitivity of 57% (26 of 46) and specificity of 94% (47 of 50). Estimates of the repeatability of the exercise test showed a mean difference in percentage fall in FEV1 for patients with asthma of 3-08% (95% limits of agreement-776% to 13.92%).
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Conclusions -Despite attempts to maximise the stimulus to bronchoconstriction in this exercise challenge test, its sensitivity and specificity were not improved in comparison with previous epidemiological studies of the prevalence of asthma.
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The reported prevalence of asthma in children has been increasing worldwide,'2 particularly in countries from the southern hemisphere.3 In Australia there has been a striking increase of 141 % in the prevalence of asthma over 26 years to 1990.4 This increase may be real or may be due to a greater readiness to diagnose asthma in wheezing children as a result of an increased awareness of the condition.
Epidemiological surveys of the prevalence of asthma in children have traditionally relied upon questionnaires completed by parents to collect information on respiratory symptoms or doctor diagnosed asthma and have lacked an objective measure of abnormal airways function. Such questionnaires lack precision for diagnosing clinically important asthma. Parental responses may be influenced by prior exposure to asthma and by different interpretations of the term "wheeze".5 Furthermore, the pattern of questionnaire response may vary over time.' The prevalence of asthma cannot be measured in terms of abnormalities of lung function since most asthmatic children have normal resting lung function.78
Objective measures of bronchial responsiveness in field studies of the prevalence of asthma in children have previously used pharmacological challenge with histamine and methacholine. However, the relationship of bronchial hyperresponsiveness to asthma is controversial.9 While there is a relatively sensitive association between the response to pharmacological challenge and diagnosed asthma, the relationship lacks specificity. Bronchial hyperresponsiveness measured by methacholine challenge is variable over time and correlates poorly with clinical severity of asthma.'0 A study of Australian schoolchildren aged 8-11 years using histamine challenge reported a sensitivity for diagnosed asthma of 53% and specificity of 87%. The aim of this study was to determine the predictive value of bronchial responsiveness to cycle exercise in 12-13 year old schoolchildren as an objective measure of the prevalence of asthma in a community based cross sectional survey. This paper describes a protocol for exercise challenge where factors known to influence bronchial responsiveness to exercise were standardised as far as possible. Dry air was used to provide standardised inspired air conditions and to improve the sensitivity of the exercise challenge by increasing the stimulus to bronchoconstriction.
Methods

SUBJECTS
A population of 12-13 year olds was identified for study. This group was selected for direct comparison with the 1991 asthma prevalence study4 and was felt to be able to perform an exercise test reliably. Three schools within metropolitan Melbourne with a reasonable representation of the population were sampled. All children in the relevant grade of the selected schools were invited to participate. Schools were given a short questionnaire on respiratory symptoms for distribution to parents which was reissued if the first was not returned. The questionnaire was identical to that used in the Melbourne asthma prevalence study.4
All children who were reported to have wheezed in the past 12 months were invited to perform a cycle exercise test at school. In addition, the parents of these children were asked to complete a further postal questionnaire to determine the severity of their child's asthma symptoms. A six item symptom score as shown in table 1 was used to classify the severity of the asthma. Controls, whose parents reported no wheeze in the past 12 months, were randomly selected from the same school and grade as the cases and matched for sex. The control group were also invited to perform a cycle exercise test within school. All cycle exercise challenges were performed within a four week period from August to September 1992.
Reproducibility of the cycle exercise test was determined in 13 children aged 7-15 years with asthma of varying grades of severity who attended the outpatients department of the Royal Children's Hospital, Melbourne. These children had previously been shown to have reversible airways obstruction as defined by their response to inhaled bronchodilator.
The study was approved by the Royal Children's Hospital ethics in human research committee. Permission to conduct the study was obtained from the principals of the schools involved. Written consent was obtained from the parents of all children. 24) Figure 2 Relationship between the percentage fall index forforced expiratory volume in one second (FEV) following cycle exercise and the severity index in subjects reporting wheeze in the past 12 months (rs= 0-552, p<0001). The sensitivity and specificity of the exercise challenge may be improved by analysing inividual subject responses in more detail as shown in table 3. Three "control" subjects without reported wheeze in the past year showed a fall in FEV, of more than 10% (12-6%, 12-6%, and 10-5%). One child had current night cough and a past history ofasthma and a further child reported a history of exercise-induced wheeze within the previous 12 months. If these children are included in the "symptomatic" group rather than the "no asthma" group the specificity of the exercise challenge improves to 96-5% (56 of 58). Similarly, if the relationship between the clinical severity score and percentage change in FEV, is reviewed, 10 subjects had a severity score of 4 or less, of whom all but one had a fall in FEV, of less than 10%. These children, although reporting wheeze in the past 12 months, could be considered to have very mild asthma and only one child in this group was receiving inhaled prophylaxis (sodium cromoglycate), the remainder receiving intermittent bronchodilator or no treatment. If these 10 children form part of the "no asthma" group, the sensitivity of the exercise challenge improves to 71 % (27 of 38).
The within-patient repeatability of the cycle exercise test in 13 patients with clinical asthma showed the mean difference in percentage fall in FEV, to be 3-08% and the 95% limits of agreement between the two measurements ranged from -7-76% to 13-92%. objective challenge test for asthma in community surveys is attractive as a physiological stimulus to bronchoconstriction which may be more representative of true asthma than a pharmacological challenge. In general, an exercise test is simple to perform and is enjoyed by children who are generally compliant with this type of challenge. The acceptability of standardised exercise challenge used in this study was good. Parental consent was given in 91% and most of the non-attenders (16 of 22) were in the control group of children; 90% (46 of 5 1) of the 11-12 year old children studied were able to complete the eight minute cycle exercise challenge satisfactorily.
Our standardised exercise challenge was devised from a laboratory based cycle exercise test for clinical asthma32 adapted for use in children and designed to maximise the stimulus to exercise-induced bronchospasm. Temperature and humidity of inspired air were controlled by the use of cylinder compressed air with a water content of 0 mg H20/1 is recommended to stimulate exercised-induced asthma.34 The inspired ventilation rate was used to quantify the stimulus and standardise the workload. A ventilation rate of 60 I/min which was achieved in both subjects and controls has previously been shown to represent fairly intense exercise for children and sufficient stimulus to provoke exercise-induced bronchospasm.32 FEV1 was used to record change in lung function following exercise rather than PEFR as FEV1 has less within-subject variability than PEFR in population surveys of asthma in children.3536 Previous studies using exercise challenge in community studies of asthma prevalence37 46 have used differing exercise protocols, varying methods of data collection, and have not standardised workload, temperature, and humidity ofinspired air. Most studies have used a six minute free running asthma test37-4244-46 and in only three studies was intensity of exercise (heart rate) recorded.39 41 itored heart rate continuously during exercise in order to modify exercise intensity. All children studied wore a nose clip during exercise. Oxygen consumption was estimated from data on distances run by each child. Although the relative humidity was less than 1 0 mg H20/l for all tests, a wide range ofwater content (6 4-9-7 mg H20/1) and temperature (11-1 6°C) of inspired air was documented. Despite our attempts to maximise the stimulus to bronchoconstriction in the exercise challenge, the sensitivity and specificity of the test was not improved in comparison with previous epidemiological studies which have measured bronchial responsiveness to exercise. Table 4 summarises the data on sensitivity and specificity of exercise challenge from previous epidemiological studies. Most previous studies have quoted sensitivity of the test for those children with doctor diagnosed asthma and children with respiratory symptoms within the past 12 months, and the poor sensitivity of 57% in our study may be a reflection of the questionnaire. If the children are reclassified into a "symptomatic" group and a "no asthma" group as outlined in the results, the sensitivity of this exercise challenge improves to 71%. In the study by Haby et a12' the sensitivity of the exercise test for the diagnosis of asthma in children with wheeze in the past 12 months was 27%, and for subjects with respiratory symptoms including asthma in the study by Backer and Ulrick the sensitivity was 54%.43 Ninan and Russell3' were only able to demonstrate a sensitivity of 22% for cold airenhanced exercise in producing bronchoconstriction in doctor diagnosed asthmatic subjects.
The intrapatient reproducibility of the standardised cycle exercise test is disappointing despite exercise being performed at the same time of day while breathing the same inspired air condition at the same rate of ventilation. The measurements were performed on a different hospital based population of asthmatic subjects with a wider age range than in the community group and therefore should be interpreted with caution. Previous studies have reported a coefficient of variation for the percentage fall index in FEV, of 19-25% when an interval of more than two hours and less than 28 days elapses between tests.2526
The exercise challenge, like questionnaires and pharmacological challenges, has shortcomings in epidemiological studies of the prevalence of asthma in children. Exercise is only one provoking stimulus for asthma, a condition which is known to have many triggers which induce bronchospasm, and further long term studies are needed to clarify the role of the exercise challenge in the diagnosis of asthma in epidemiological studies. The study lacks a pharmacological challenge for comparison but we feel there would be ethical difficulties in using a challenge such as histamine or methacholine which has previously been shown to have poor sensitivity and specificity. 18 21-24 However, pharmacological challenge does allow the determination of a dose response curve which may provide more sensitive information about the severity of the underlying bronchial responsiveness.
In summary, despite attempts to maximise the stimulus to bronchoconstriction in a community based cycle exercise challenge test, this study shows that such a sophisticated exercise challenge offers little advantage over a simple six minute free run in epidemiological studies of the prevalence of asthma. However, standardisation of minute ventilation and the water content of inspired air does allow objective comparisons ofbronchial responsiveness in epidemiological studies of the prevalence of asthma in children between different populations worldwide and also within communities over time.
